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© Arrangement for reproducing an electric signal from a track on a magnetic record carrier. 
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© The arrangement includes a magnetic read head 
(1) for reading from the track an electric signal and 
for supplying the said electric signal to an output, 
and automatic equalizer filter means (5), including 
transconductance-capacitor filter means (6). The 
transc-filter means (6) have a tuning signal input (8). 
The equalizer filter means (5) have a control signal 
input (15) and is adapted to automatically equalize 
the electric signal read from the track in response to 
a control signal supplied to its control signal input, 
and to supply an equalized output signal at its output 
(12). The tuning signal input of the transc-filter 
means is coupled to the control signal input of the 
equalizer filter means. The arrangement further com- 
prises control signal generator means (13,16) having 
an output (16) coupled to the control signal input 
(15) of the equalizer filter means (5), the generator 
means being adapted to generate a control signal 
and to supply the control signal to its output (16). 

The transconductance-capacitor filter means (6) 
has a magnitude filter characteristic which increases 
with increasing frequencies in a frequency range 
below a reference frequency of the filter. The 
transconductance-capacitor filter means are adapted 



to control the reference frequency in the filter char- 
acteristic in response to the control signal, so as to 
vary the angle of inclination of the filter curve below 
the reference frequency. 
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The invention relates to an arrangement for 
reproducing an electric signal from a track on a 
magnetic record carrier, the arrangement including 

- a magnetic read head for reading from the 
track an electric signal and for supplying the 
said electric signal to an output, 

- variable equalizer filter means, having an in- 
put coupled to an output of the magnetic 
read head, a control signal input and an out- 
put, the equalizer filter means being adapted 
to equalize the electric signal read from the 
track in response to a control signal supplied 
to its control signal input, and to supply an 
equalized output signal at its output, 

- control signal generator means having an out- 
put coupled to the control signal input of the 
equalizer filter means, the generator means 
being adapted to generate a control signal 
and to supply the control signal to its output. 
Such an arrangement is known from pub- 
lished European patent application EP 
387.813 A2 

In the known arrangement equalization is re- 
alized by varying the filter parameters in response 
to the control signal supplied to the control signal 
input, such that the magnitude of the filter response 
is increased or decreased. 

The generation of the control signal in the 
control signal generator means can be realized in 
various ways. In the known arrangement the signal 
from the equalizer filter means is applied in digital 
form to a data processing circuit which includes a 
detection circuit. The detection circuit is adapted to 
detect the bit error rate in the signal applied to the 
processing circuit. A control signal is generated in 
response to the error rate, which control signal is 
applied to the control signal input of the equalizer 
filter means, so as to vary the filter parameters 
such that the bit error rate is minimized. 

The known arrangement has the disadvantage 
that rather complex circuitry is needed to realize 
the equalizer filter means and the control signal 
generator means. The reason is that the known 
arrangement makes use of equalizer filter means in 
digital form, so that generating the parameters for 
the filter in response to the error rate detected 
requires a complex algorithm. 

The invention has for its object to provide an 
arrangement for reproducing a digital signal from a 
track on a magnetic record carrier with simpler 
circuitry for the realization of the equalizing func- 
tion. To that purpose, the arrangement according to 
the invention is characterized in that the equalizer 
filter means comprise transconductance-capacitor 
filter means having a tuning signal input for receiv- 
ing a tuning signal, the transconductance-capacitor 
filter means having a magnitude characteristic 
which increases as a function of increasing fre- 



quencies in a frequency range below a reference 
frequency, the control signal input of the the equal- 
izer filter means being coupled to the tuning signal 
input of the transconductance-capacitor filter 

5 means, the transconductance-capacitor filter means 
further being adapted to control the reference fre- 
quency in the filter characteristic in response to the 
control signal, so as to vary the angle of inclination 
of the filter curve below the reference frequency. 

10 The invention is based on the following rec- 

ognition. Investigations have shown that the record- 
ing channel exhibits an increased loss towards 
higher frequencies, which loss occurs amongst oth- 
ers as a result of the properties of the tape that is 

75 used, and the quality of the tape-head contact. This 
loss must be compensated for by the equalizer 
filter means in order to enable optimal signal re- 
ception during reproduction. Transconductance-ca- 
pacitor filter have appeared to be very useful for 

20 that purpose. 

Transconductance-capacitor filters are filters of 
the continuous-time type, and are well known in the 
art. Reference is made in this respect to a number 
of publications in the IEEE Journal of solid-state 

25 circuits, Vol. 23, no. 3, June 1988, pp. 750-758, no. 
4, August 1988, pp. 987-996, Vol. 24, no. 3, pp. 
736-743, and a publication in IEE Proceedings, Vol. 
136, Pt.G, no. 4, August 1989, pp. 184-190. 
Transconductance-capacitor filters (called transc-fil- 

30 ters) can be used to implement on-chip analog 
filters. The time constant of filter sections realised 
with the transc technique depend strongly on the 
IC-process-parameters. A variation up to 30 % in 
the time constant is normal. Therefore, these filters 

35 must be tuned to the right frequency, which is also 
called 'tracking 1 . This is realized by giving each 
filter section a tuning control input to which a 
tuning control signal can be applied. By means of 
this tuning control signal, the time constant of the 

40 filter can be controlled to a required value which is 
fixed. 

In most applications this is a disadvantage, 
because the filter requires special tracking circuitry. 
In the application of the transc-filter in the 

45 equalizer filter means, a deliberate use has been 
made of the variability of the time constant in the 
transc-filter. In order to compensate for the high 
frequency loss, the filter should have a filter char- 
acteristic which is the inverse of said loss. The 

so filter characteristic therefore exhibits a magnitude 
characteristic as a function of frequency which in- 
creases towards higher frequencies. Preferably the 
magnitude characteristic exhibits an exponential 
behaviour. This means that the magnitude of the 

55 filter characteristic, expressed in dB, as a function 
of frequency, plotted on a linear scale, is a more or 
less straight line with a positive angle for fre- 
quencies below the reference frequency. By apply- 
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ing the control signal to the tuning control signal 
input of the transc-filter, it is possible to vary the 
time constant and thus the reference frequency of 
the filter. This results in a sliding of the frequency 
scale on which the filter characteristic is plotted. As 
a consequence, this results in a variation of the 
angle of the more or less straight line, so that an 
automatic equalization can be realized. 

The aforementioned tracking, for stabilizing the 
filter characteristic to a fixed form, can be realized 
in various ways. One way is to apply a certain 
reference voltage to the tuning signal input. 

Other ways of realizing the tracking are cov- 
ered by the subclaims 3 to 6. 

It should be noted that the use of a transc-filter 
in magnetic disk-drive reproduction channels has 
been described in the Digest of technical papers 
for the 1991 IEEE Int. Solid-state circuits con- 
ference, paper TP 8.2, pp. 134, 135 and 303. The 
filter realized is however a fixed low pass filter for 
band limiting the noise at the output of the magnetic 
read head amplifier. 

These and other aspects of the invention will 
be apparent from, and further explained with refer- 
ence to the embodiment described in, the following 
figure description, in which 

figure 1 shows an embodiment of the reproduc- 
ing arrangement 

figure 2 shows the exponential rotl-off of the 
magnetic recording channel, 
figure 3 various equalizer filter characteristics for 
different control signals applied to the tracking 
input of the transc-filter, 
figure 4 shows another embodiment, 
figure 5 shows a third embodiment, and 
figure 6 shows a fourth embodiment. 
Figure 1 discloses an embodiment of the re- 
producing arrangement comprising a magnetic 
read head 1 for reading information from a track on 
a magnetic record carrier 2. The output 3 of the 
read head 1 is coupled to an input 4 of equalizer 
filter means 5. The equalizer filter means 5 com- 
prise a transconductance-capacitor filter 6, with an 
input 7 coupled to the input 4 of the equalizer filter 
means 5, a tuning signal input 8 and an output 9. 
The equalizer filter means 5 further comprise a 
sine-roll off filter 10, a cosine filter 11 having a zero 
crossing at the Nyquist frequency and a phase 
corrector 17. With this arrangement it is possible to 
realize a partial response class IV detection. It 
should however be noted that the invention is also 
applicable to other detection systems, such as a 
Nyquist 1 detection or a full response detection. 

The output 12 of the equalizer filter 5 is coup- 
led to a bitdetector 13, which has an output coup- 
led to an output 14 of the arrangement. The bit- 
detector 13 realizes a bitdetection on the equalized 
analog signal from the equalizer filter 5. This can 
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be realized by means of sampling the output signal 
of the equalizer filter 5 by means of an A/D con- 
verter included in the bitdetector 13, followed by a 
detection by means of for example a Viterbi detec- 

s tor. The sample rate for the A/D converter can be 
extracted from the signal itself. The reproduced 
digital signal will be available on the output 14 of 
the detector 13. 

The equalizer filter 5 has a control signal input 

70 15, to which an equalizer control signal can be 
applied. To that purpose, the arrangement has a 
control signal generator, which is in the present 
case included in the bitdetector 13. The control 
signal generated will be available at the output 16. 

75 The control signal generated can be derived from 
the bit error rate present in the signal applied to 
the input of the bitdetector 13, in the way as 
disclosed in European application no. 387,813 A2. 
However, other algorithms for deriving the control 

20 signal are equally well possible. 

The equalizer filter 5 equalizes the signal ap- 
plied to its input 4, in response to the control signal 
applied to the input 15, so as to obtain an equal- 
ized output signal at the output 12. The control 

25 signal input 15 is coupled to a first input 29 of a 
signal combination unit 28, which has an output 31 
coupled to the tuning signal input 8 of the transc- 
filter 6. Further a reference voltage V rGl is applied 
to a second input 30 of the combination unit 28. As 

30 has been explained previously, this voltage V ref is 
used in prior art transc-fi Iters to compensate for 
variations in the values of the components from 
which the transc-filter is built up in the chip manu- 
facturing process. 

35 If a certain filter characteristic should be re- 

alized by means of a transc-filter, the transc-filter is 
designed to have capacitances with certain capaci- 
tor values. Because of the manufacturing process, 
a large spreading occurs in the capacitor values of 

40 the capacitances obtained, leading to a different 
filter characterictic than required. The voltage V re f 
influences the capacitor values of the capacitances 
in the chip, and thus the capacitor values of the 
capacitances of the transc-filter. This results in a 

45 sliding of the frequency scale, such that the re- 
quired filter characteristic is obtained. By varying 
the voltage V re i, this voltage can be set to such a 
fixed value that the required filter characteristic is 
obtained. 

so The transc-filter 6 has a magnitude characteris- 

tic as a function of frequency which increases with 
increasing frequency in a frequency range below a 
certain reference frequency f ref . f re f is in the present 
case the frequency of the maximum in the filter 

55 characteristic. More specifically, the filter 6 has a 
magnitude characteristic of exponential character in 
this frequency range. This means that the following 
relating exists for the magnitude of the frequency 

3 
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characteristic H(f) as a function of frequency: 
| H(f) | = A exp (C.f/f ref ) 

where A and C are constants. f re i is an inherent 
parameter of the transc-filter 6 and is related to the 
time constant t of the filter by the following rela- 
tion: 

7 = C/fref- 

The reference voltage V ret is chosen such that 
the reference frequency f reI has a certain fixed 
value. 

When plotting the magnitude | H(f) | in dB as a 
function of the frequency on a linear scale, using 
the formula given above, it will become clear that 
the frequency characteristic of the filter is a straight 
line, where the inclination angle a of the straight 
line has the following relation to f re i: 

Of -5" C/f re f = T. 

Figure 2 shows the magnitude of the transmis- 
sion characteristic of the recording channel, ex- 
pressed in dB, plotted on a linear frequency scale. 
The curve shows the flux of the signal recorded in 
a track on the record carrier, as a function of 
frequency. This curve should exhibit a horizontal 
line. However, in practice, the curve descends for 
increasing frequencies. 

As can be seen from figure 2 an HF loss 
occurs due to the head-tape distance and other 
effects, such as the quality of the tape. This results 
in a more or less straight line that descends for 
increasing frequencies. 

The compensation for this descending straight 
line can be realized by the transc-filter 6, which has 
a transmission curve which ascends as a function 
of frequency. This results in an equalized output 
signal at the output 12 of the equalizer filter 5. 
When correctly compensated for, the signal applied 
to the bitdetector 13 has such a quality that the bit 
error rate is minimal. 

A practical problem is that the degree of HF 
loss is not always the same, but depends on the 
quality of the reproducing heads and the tapes that 
are used, and of the quality of the tape-head con- 
tact. This results in more or less straight lines of 
different declination angle in the frequency diagram 
of figure 2. Assuming the transc-filter 6 has a fixed 
transmission characteristic, this leads to an in- 
crease of the bit error rate in the signal detected in 
the bit detector 13. The compensation for this HF 
loss should thus be made variable, and can be 
realized by means of the exponential transc-filter 6. 
By applying the equalizer control signal present at 
the input 15 to the input 8 of the transc-filter 6, via 



the combination unit 28, a sliding frequency axis 
can be obtained, as explained above. Otherwise 
said: the reference frequency f re( can be controlled 
so as to have different values in response to the 

5 control signal. 

This results in different curves having different 
inclination angles a, as can be seen in figure 3, 
which show a number of filter characteristics of the 
transc-filter 6, for a number of values for f re( . As 

10 can be seen from the above formula for a, an 
increase in f re t leads to a decrease in the inclination 
angle a. 

An increase in bit error rate can mean that the 
inclination angle should be increased, or can mean 

75 that the inclination angle should be decreased. In 
order to realize a control of the inclination angle in 
a correct direction in response to an increase in bit 
error rate, the control can be such that upon an 
increase of the bit error rate the inclination angle is 

20 increased. If such increase of the inclination angle 
leads to a further increase of the bit error rate, this 
means that the inclination angle should have been 
decreased. 

Another way of determining the direction of 

25 control in response to an increase in bit error rate, 
is to add a wobble signal to the control signal 
applied to the control signal input 15. By detecting 
the variation in bit error rate in response to the 
wobble signal, the correct direction of control can 

30 be determined. 

It should be noted here, that the equalization 
described above is the equalization as regards the 
magnitude of the signal to be equalized. In general, 
the equalizer filter means 5 is also capable of 

35 carrying out an equalization as regards the phase 
as a function of frequency. To that purpose, the 
equalizer filter means 5 can have a second control 
signal input (not shown), for receiving a second 
control signal. This second control signal input is 

40 coupled to a control signal input (not shown) of the 
phase corrector 17. The phase corrector 17 will 
then be capable of correcting the phase of the 
signal applied to its input as a function of fre- 
quency, in response to said second control signal. 

45 Figure 4 shows another embodiment of the 

arrangement, in which the equalizer filter 5' is of a 
different construction. In this embodiment, a volt- 
age controlled oscillator 6' is incorporated on the 
same chip that comprises the transc-filter 6. An 

so output 26 of the VCO 6' is coupled to a first input 
27 of a comparator 21, a second input 20 of which 
is coupled to an output of an oscillator 18. An 
output 22 of the comparator 21 is coupled via a 
loop filter 25, which is in the form of a low pass 

55 filter, to a control input 23 of the VCO 6\ as well as 
to the input 30 of the signal combination unit 28. 
The comparator 21 can be in the form of a phase 
comparator or a frequency comparator. The func- 
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tion of the loop 19, comprising the VCO 6*, the 
comparator 21, the oscillator 18 and the loopfilter 
25, is to generate the reference voltage V ref such 
that the VCO oscillator frequency equals the fre- 
quency of the oscillator 18. 5 

As the transc-filter 6 and the VCO 6* are re- 
alized on the same chip in a manufacturing step, 
the spreading in the component values is the same 
for all capacitances included in the transc-filter 6 
and the VCO 6\ V re f is now applied to the VCO 6' 10 
as well. V re t thus influences the capacitor values of 
the capacitances in the VCO 6 f and thus the os- 
cillation frequency of the VCO 6' as well. The 
spreading in the capacitor values of the capacitan- 
ces in the VCO 6\ due to the manufacturing pro- 75 
cess, lead to a VCO oscillator frequency which is 
different from the oscillator frequency expected. 
The oscillator frequency present at the output 26 of 
VCO 6* is thus a measure of the spreading in the 
component values of the capacitances in the VCO 20 
6' as well as the transc-filter 6. By comparing this 
frequency with a fixed oscillator frequency gen- 
erated by the oscillator 18, in the comparator 21, 
the reference voltage V ref can be derived. If the 
comparator 21 is a frequency comparator, this 25 
comparator supplies an output signal which cor- 
responds to the frequency difference between the 
frequencies applied to its two inputs. For a fixed 
V ref at the output of element 25, which now in- 
cludes an integrator, the voltage on the output 22 30 
of the comparator 21 should be zero and thus the 
frequency difference is zero. 

In the case that the comparator 21 is a phase 
comparator, this comparator supplies, for equal fre- 
quencies applied to its inputs, a DC voltage equal 35 
to the phase difference of the signals applied to its 
inputs. No integrator is needed now in the element 
25. 

The influence of the variation of V ret on the 
capacitor values of the capacitances, due to the 40 
spreading, has the same compensational effect on 
the capacitor values of the transc-filter 6 and the 
VCO 6', so that the required frequency characteris- 
tic of the transc-filter 6 can be obtained. 

The frequency characteristic of the transc-filter 45 
6, obtained in this way, can now be varied in the 
way as described above with reference to figure 1 , 
2 and 3, by means of the control signal that is 
applied to the tuning signal input 8, via the control 
signal input 15 and the signal combination unit 28. so 
In this embodiment, the VCO 23 is controlled so as 
to generate a fixed VCO oscillator frequency that 
equals the oscillator frequency of the oscillator 18. 
Without any further control signal supplied to the 
input 15, this realizes a transc-filter 6 having a 55 
certain fixed frequency characteristic. In addition, 
the control signal applied to the input 15 realizes 
the sliding frequency scale, which leads to a vari- 
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ation of the freqeucy characteristic of the transc- 
filter 6 as shown in figure 3. 

Figure 5 shows an embodiment which is a 
slightly amended version of the embodiment of 
figure 4, in that the signal combination unit 28 is 
now included in the connection from the output 22 
of the comparator 21 and the input of the loop filter 
25. The comparator 21 is in this case a frequency 
comparator. Without any control signal applied to 
the input 15, the transc-filter 6 and the VCO 6*are 
controlled by means of the loop 19* in the same 
way as explained above for figure 4. As soon as a 
control signal appears at the input 15, the fre- 
quency of the VCO 6' changes so as to bring the 
signal present at the input of 25 back to zero. This 
further leads to an adaptation of the transc filter 6 
to another filter curve. 

Figure 6 shows again another embodiment in 
which the signal combination unit 28 is dispensed 
with and the oscillator 18' is a variable oscillator 
having a control input 35. The control signal input 
15 of the equalizer filter 55 is coupled to the 
control input 35 of the oscillator 18*. Without any 
control signal applied to the input 15, the oscillator 
18 1 generates the same oscillator frequency as the 
fixed oscillator 18 of figure 4 and 5. Under the 
influence of the control signal applied to the input 
15, the oscillator frequency of the oscillator 18' 
varies. This leads to a varying tuning signal applied 
to the inputs 8 and 23 of the transc-filter 6 and the 
VCO 6\ under the influence of which the transc- 
filter 6 is controlled so as to vary its frequency 
characteristic, and the VCO is controlled as well so 
as to vary its oscillator signal. 

It is to be noted that the invention is not limited 
to the embodiments disclosed in the present figure 
description. The invention equally applies to those 
embodiments which differ from the embodiments 
shown in aspects which are not relevant to the 
invention. It should be noted that the filter char- 
acteristic of the transc-filter 6 need not be strictly 
exponential. Of relevance is that the filter char- 
acteristic in the frequency range below f re t is in- 
creasing for increasing frequencies, such as for 
example quadratic. 

Claims 

1. Arrangement for reproducing an electric signal 
from a track on a magnetic record carrier, the 
arrangement including 

- a magnetic read head for reading from 
the track an electric signal and for sup- 
plying the said electric signal to an out- 
put, 

- variable equalizer filter means, having an 
input coupled to an output of the mag- 
netic read head, a control signal input 
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and an output, the equalizer filter means 
being adapted to equalize the electric 
signal read from the track in response to 
a control signal supplied to its control 
signal input, and to supply an equalized 5 
output signal at its output, 
- control signal generator means having an 
output coupled to the control signal input 
of the equalizer filter means, the gener- 
ator means being adapted to generate a io 
control signal and to supply the control 
signal to its output, 
characterized in that, the equalizer filter means 
comprise transconductance-capacitor filter 
means having a tuning signal input for receiv- is 
ing a tuning signal, the transconductance-ca- 
pacitor filter means having a magnitude char- 
acteristic which increases as a function of in- 
creasing frequencies in a frequency range be- 
low a reference frequency, the control signal 20 
input of the the equalizer filter means being 
coupled to the tuning signal input of the 
transconductance-capacitor filter means, the 
transconductance-capacitor filter means further 
being adapted to control the reference fre- 25 
quency in the filter characteristic in response 
to the control signal, so as to vary the angle of 
inclination of the filter curve below the refer- 
ence frequency. 

30 

Arrangement as claimed in claim 1, character- 
ized in that, the transcon ductance filter means 
exhibit a substantially exponential magnitude 
characteristic in the frequency range below the 
reference frequency. 35 

Arrangement as claimed in claim 1 or 2, char- 
acterized in that, the transconductance filter 
means are incorporated in a chip, the equalizer 
filter means further including a voltage con- 40 
trolled oscillator incorporated in said chip, the 
voltage controlled oscillator having a tuning 
signal input and an output, the output being 
coupled to a first input of a comparator, an 
output of which is coupled to the tuning signal 45 
inputs of the voltage controlled oscillator and 
the transconductance filter means, the equal- 
izer filter means also being provided with os- 
cillator means having an output coupled to a 
second input of the comparator, for supplying so 
an oscillator frequency to said second input. 



coupled to the tuning signal input of the tran- 
sconductance filter means. 

Arrangement as claimed in claim 3, character- 
ized in that, the oscillator means comprise a 
control signal input which is coupled to the 
control signal input of the equalizer fitter 
means, the oscillator means being adapted to 
supply an oscillator frequency which varies in 
response to the control signal applied to its 
input. 

Arrangement as claimed in claim 3, character- 
ized in that, the comparator is a frequency 
comparator, the equalizer filter means further 
comprising a signal combination unit, having a 
first input coupled to the control signal input of 
the equalizer filter means, a second input 
coupled to the output of the comparator, and 
an output coupled to the tuning signal inputs of 
the transconductance filter means and the volt- 
age controlled oscillator. 



Arrangement as claimed in claim 3, character- 
ized in that, the equalizer filter means com- 
prise a signal combination unit, having a first 
input coupled to the control signal input of the 
equalizer filter means, a second input coupled 
to the output of the comparator, and an output 
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